The genetic control of the immune response may be either specific for antigenic carrier or for determinant. We describe here results which show that a carrier-dependent strain defect in immune response is reflected in thymocytes. These results are in agreement with our hypothesis that the genetic defect in the immune response is reflected in thymocytes when the poor response is at the carrier level, whereas it is expressed in the bone marrow population when the low responsiveness is strictly at the determinant level. SWR mice are low responders to multichain polyproline. Furthermore, this mouse strain does not produce antibodies to determinants such as peptides of phenylalanine and glutamic acid (Phe,Glu) 
with our hypothesis that the genetic defect in the immune response is reflected in thymocytes when the poor response is at the carrier level, whereas it is expressed in the bone marrow population when the low responsiveness is strictly at the determinant level. SWR mice are low responders to multichain polyproline. Furthermore, this mouse strain does not produce antibodies to determinants such as peptides of phenylalanine and glutamic acid (Phe,Glu) or to the loop peptide of lysozyme when attached to polyproline, although they respond well to the same antigenic determinants when conjugated to multichain poly(DLalanine). Transfer experiments in which irradiated SWR recipients were injected with excess of DBA/1 thymocytes (which do not exhibit a defect in response to polyproline) mixed with graded numbers of SWR marrow cells, prior to immunization with poly(Tyr,Glu)-poly(Pro)--poly(Lys), have indicated that the poor response potential of SWR mice to polyproline is not reflected in their bone marrow cells. Allogeneic transfers in which mixtures of thymocytes and marrow cells from high and low responders were injected into irradiated mice, followed by immunization with poly(TyrGlu)-poly(Pro)--poly(Lys) or poly(Phe,Glu)-poly(Pro)--poly(Lys) have demonstrated a clear defect in the thymus derived population of SWR mice when the response potential to polyproline and to determinants attached to it was tested.
Genetic control of the immune response has been reported in recent years for several well defined systems. Studies with hapten conjugates of polylysine in guinea pigs demonstrated clearly that the genetic defect was at the carrier level (1) (2) (3) . On the other hand, studies in mice using peptides containing glutamic acid and, respectively, tyrosine, phenylalanine, and histidine, attached to multichain poly(DLalanine) were clear cut examples of determinant-specific genetic control of immune response (2, 4, 5) and the gene(s) controlling these responses was designated Ir-1 (2). The response potential controlled by the Ir-i gene(s) has been shown to be linked to the major histocompatibility region (H-2) of the IXth mouse linkage group (6, 7) .
More recent studies have demonstrated genetic control at the level of antigenic specificity. Studies on the response potential of inbred mouse strains to poly(LPhe,LGlu)-poly-(LPro)-poly(LLys), designated (Phe,G)-Pro-L, have demonstrated that, although DBA/1 and SJL mice responded equally well to the above immunogen, the antibodies formed by these two strains were of different specificities. DBA/1 mice produced-antibodies specific for the (Phe,G) peptide, whereas SJL mice made antibodies to the Pro-L region of the same immunogen (8, 9) . No linkage was found between the ability to respond to the Pro-L portion of (Phe,G)-Pro-L and H-2, whereas the response potential for the (Phe,G) part of the same immunogen is closely linked to the H-2 locus (9). Further evidence for genetic control of antibody specificity came from our studies on the "loop" region of the native protein, lysozyme. SJL mice, which responded well to lysozyme, were low responders to the "loop" peptide when administered either with lysozyme or with the loop attached to A-L or Pro-L (10, 11) .
It has been generally postulated that the genetic control is expressed at the level of thymocytes when the ability to respond is H-2 linked, whereas it is reflected in the bone marrow population when the response potential is linked to allotype markers (12) . In previous studies on the cellular analysis of the genetic control of immune response, we observed that the low responsiveness of DBA/1 mice to polyproline-which is controlled by a gene not linked to either H-2 or to allotypes-was reflected exclusively in the bone marrow population (13, 14) . At the same time, the H-2 linked low antibody response of SJL mice to the (Phe,G) specificity was expressed either exclusively in the marrow cells or both in the marrow and thymus populations, depending on whether the (Phe,G) was attached to Pro-L, to which SJL mice are high responders, or to the A-L region to which the SJL strain is a nonresponder (13, 14) . Moreover, the low response potential of C3H/HeJ mice to (T,G)-A-L was expressed only in the bone marrow cells, whereas, the genetic defect in the response of SJL mice to this immunogen was expressed in both thymus and marrow cells (15, 16) .
On the basis of the above data, we have postulated a working hypothesis that the genetic defect in immune responsiveness will reflect itself at the helper cell level in those situations in which the poor response is a carrier defect, as is the case for polylysine in strain 13 guinea pigs and multichain polyalanine in SJL mice. On the other hand, when the genetic defect is strictly at the determinant level, it will reflect itself mainly in the marrow-derived cells (17) . We demonstrate here a clear thymus defect in SWR mice which are low responders to polyproline, to which the response is controlled by a non-H-2 linked gene, as well as to determinants 
Loop-A-Lt to polyproline. These mice respond well to the same determinants attached to a different carrier.
MATERIALS AND METHODS
The immunogens used in this study were poly(LTyr,LGlu)- 
Freund's adjuvant (Difco Laboratories, Detroit, Mich.) injected intradermally into the hind footpads. An aqueous injection of the same dose of antigen was given 3 weeks later. The mice were bled 10 days after the second injection.
Thymus and bone-marrow cell suspensions were prepared as described (13) and injected in the tail vein of syngeneic recipients exposed to 750 R of w0Co gamma-irradiation; 24 hr after cell transfer, each recipient was immunized intraperitoneally with 10 Atg of one of the above immunogens in complete Freund's adjuvant. The mice were bled 2 weeks later (at the time of peak antibody titers). All the sera collected were individually assayed for antibodies by passive microhemagglutination with tanned, antigen-coated sheep erythrocytes (13) . The data of the transfer experiments are expressed as the percentage of recipients showing hemagglutination at serum dilutions higher than that observed in irradiated controls (i.e., at dilutions of 1: 8 or higher).
RESULTS
The response potential of SWR mice to the (Phe,G) specificity, as tested in the present study, and to the "loop" peptide of lysozyme when attached to either poly(DLalanine) or polyproline (10, 11) is shown in Table 1 . It appears that SWR mice are high responders to the (Phe,G) region of (Phe, G)-A-L, whereas they do not respond to (Phe,G) when conjugated to polyproline. Similarly, these mice are high responders to loop when immunized with loop-A-L, while they do not produce antibodies to the same determinant when (14) .
The results of these experiments are given in Table 2 (20, 21) . As can be seen, no evidence for suboptimal cell-to-cell interaction was observed. The results of these experiments indicate that the defect in the ability of SWR mice to respond to polyproline or to determinants attached to polyproline is reflected in the thymus population of immunocytes.
DISCUSSION
A crucial question in the study of the genetic control of immune responsiveness is whether the low immune response potential is due to those cells possessing helper function, to those which are the precursors of antibody-producing cells, or whether both cell types are involved. Results of studies on the cellular basis of the genetic regulation of the immune response to synthetic polypeptides (13) (14) (15) (16) as well as to the "loop" peptide of lysozyme (22) have led us to the conclusion that, depending on whether the defect is at the determinant or at the carrier level, it will be reflected in the bone marrow or thymus cell population, respectively. In all our previous studies, we observed either a defect reflected exclusively in bone marrow cells or in both marrow cells and thymocytes (13) (14) (15) (16) 22) . These results are due to the fact that SJL mice, which were found to carry a defect in their thymocytes in response to determinants attached to polyalanine (14) (15) (16) 22) , were in addition low responders to the determinants themselves even when conjugated to another carrier [(Phe,G) and "loop" attached to polyproline (13, 22) ].
The present study provides evidence for a defect expressed exclusively at the thymus level. SWR mice responded well to the (Phe,G) determinant when immunized with (Phe,G)-A-L. They were found to be high responders to the loop region when injected with loop-A-L, or with the native protein lysozyme (10) . However, they did not respond to the above determinants when the carrier was polyproline ( Table 1) .
The results of the transfer experiments shown in Tables 2  and 3 indicate that the defect in the response of SWR mice to polyproline and to (Phe,G), when injected as (Phe,G)-Pro--L, is mainly in the thymus cells. These results are in accordance with our hypothesis that the genetic defect is expressed in thymocytes when it is at the carrier level, and in bone marrow cells when it is at the determinant level.
Results of allogeneic experiments can be complicated since suboptimal cell cooperation (20, 21) or enhanced immune responses (23) (24) (25) have been obtained using animals differing at major histocompatibility (H-2) loci. The results given in Table 2 are of transfers of cell mixtures of DBA/1 and SWR mouse strains which possess the same H-2 type (H-2) q. Therefore, it was unlikely to find "allogeneic effects" in this case. The percentages of responses obtained using these cell mixtures are very similar to those obtained with transfers of thymocytes and marrow cells from SJL high responder mice, suggesting optimal cell-to-cell interaction for the combination of DBA/1 thymocytes and SWR marrow cells.
It should be noted that DBA/1 mice are low responders to polyproline itself, but the defect was found to be expressed in their bone marrow cells exclusively (13, 14) . Therefore, they could be used as donors of thymocytes in the experiments given in Table 2 . The differences in the type of genetic defect in the response potential of DBA/1 and SWR mice to polyproline are apparent from the fact that DBA/1 mice are high responders to determinants attached to polyproline [e.g., the (Phe,G) determinant (8, 9) and the loop region (11)1, whereas SWR mice do not respond to determinants conjugated to this carrier.
The cell mixtures used in the allogeneic transfer experiments shown in Table 3 were controlled by immunization of recipient mice with lysozyme, to which SJL as well as SWR mice are responders. The percentages of responding recipients to lysozyme (67% and 63% as shown at the bottom of Table  3 ) indicated no abnormally high or low responses. Allogeneic cell transfers similar to those shown in Table 3 have been reported using DBA/1 and SJL/J thymus and marrow cells for responses to (Phe,G)-Pro-L and (Phe,G)-A-L (16) as well as loop-Pro-L and loop-A-L (22 
